Stroke

September 2014
In 2009, register coverage was estimated at 85%, and reperfusion therapy administration was centralized into 74 acute care hospitals. 22 Inclusion criteria for this study were Riksstroke data on ischemic stroke (International Classification of Diseases, Tenth Revision: I63), age 18 to 80 years, and year of stroke onset from 2003 to 2009. Thrombolysis, thrombectomy, and other patient and hospital data were acquired from Riksstroke. Personal identity numbers were used to link Riksstroke data with the individual patients' highest attained education level, which was retrieved from the Longitudinal Integration Database for Health Insurance and Labour Market Studies of Statistics Sweden. 24 Education was categorized as primary, secondary, or university level. Age was used as a continuous variable for comparison of groups with and without education data and divided into deciles for all other univariable and multivariable analyses. The type of hospital was analyzed according to specialization level (community, large nonuniversity, and university hospitals). Reperfusion therapy was defined as either or both of thrombolysis and thrombectomy. The study was approved by the Ethical Review Board in Umeå.
Statistical Methods
The Mann-Whitney U test was used to compare age distribution across patients with unknown and known education data. The χ 2 test was used for univariable comparisons. Multivariable logistic regression was used to analyze the association between reperfusion therapy and patient education; the simple model included sex and age as potentially confounding factors, and the full model included additional factors (living in an institution, living alone, dependence in personal activities of daily living before stroke, hypertensive medication on admission, diabetes mellitus, smoking, previous stroke, atrial fibrillation, level of consciousness on admission, and onset year). We then added hospital type to the model. Separate analyses were performed for each hospital type. Significance was set to P<0.05. Univariable comparisons are shown as percentages together with 95% confidence intervals (95% CIs). Outcomes from multivariable analyses are presented as odds ratios (ORs) together with the corresponding 95% CI. Statistical software was IBM SPSS, version 20.0.
Results
A total of 85 885 patients fulfilled the inclusion criteria. For 2003 patients (2.3%), education level was unknown. Age distribution did not differ between patients with known and unknown education level (P=0.187), whereas the proportion of women was higher among those with unknown education (47.3% versus 41.5%; P<0.001). Reperfusion therapy was administered to 82 (4.1%) of patients with unknown education and 3567 (4.3%) of patients with known education (P=0.728). Country of birth data were available for ≈75% of patients with unknown education, and fewer of those were born in Sweden (22.7%) compared with those with known education (87.6%). Thrombectomy is recorded in Riksstroke from 2009 and onward. In that year, 933 (7.5%) patients received thrombolysis, 55 (0.4%) received thrombectomy, and 90 (0.7%) received both therapies.
Univariable Analysis
Stroke patients with higher education were to a greater extent males, younger, cohabiting, living at home, independent in personal activities of daily living before stroke onset, free from hypertensive medication, without diabetes mellitus, nonsmokers (although a larger proportion of secondary-educated patients were smokers compared with primary-educated patients, P<0.001), and without atrial fibrillation (although a larger proportion of university-educated patients had atrial fibrillation compared with secondary-educated patients, P<0.05), all others P<0.001; Table 1 . The proportion of patients with university education decreased with lower hospital specialization level (19.3% for university hospitals, 16.1% for large nonuniversity hospitals, and 11.2% for community hospitals, P<0.001). Higher-educated patients were also more often alert on admission. University-educated patients were more likely to receive reperfusion therapy (5.5%) than patients with secondary (4.6%) or primary school education (3.6%; P<0.001; Table 2 ). Although the relative differences in reperfusion therapy between patients with university education and primary education decreased over time (P=0.005), the absolute differences remained (1. 
Multivariable Analysis
The multivariable logistic regression model confirmed that patients with university education were more likely to receive reperfusion therapy compared with patients with primary education ( Table 2 ). This disparity existed after adjusting for sex and age (OR, 1.39; 95% CI, 1.26-1.53) and after adjusting for all potentially confounding patient characteristics (OR, 1.14; 95% CI, 1.03-1.26). We observed similar but less pronounced differences for patients with secondary education compared with the primary education group (sex-and age-adjusted OR, 1.18; 95% CI, 1.10-1.28; all patient variables-adjusted OR, 1.08; 95% CI, 1.00-1.17). Posterior probability estimations gave likelihoods of having reperfusion therapy of 3.65% for primary-educated, 4.73% for secondary-educated, and 5.48% for university-educated patients.
In the multivariable regression model, ≥57 years of age, living alone, being dependent in personal activities of daily living before stroke, having diabetes mellitus, having a history of previous stroke, and being unconscious on admission were all associated with a lower likelihood of receiving reperfusion therapy. Having atrial fibrillation and being drowsy on admission were associated with a higher likelihood of receiving reperfusion therapy. When we added hospital type to the full model, the differences between the education groups were no longer statistically significant (university education OR, 1.08; 95% CI, 0.97-1.19; secondary education OR, 1.06; 95% CI, 0.98-1.14). In stratified multivariable analyses by hospital type, treatment differences existed only among the large nonuniversity hospitals (university education OR, 1.20; 95% CI, 1.04-1.40 and secondary education OR, 1.14; 95% CI, 1.01-1.29 compared with primary education; Table 3 ). After adjusting for stroke unit care, the differences remained.
Discussion
We found that reperfusion therapy for stroke was associated with higher patient education level. The inequalities in treatment were partly explained by patient characteristics and hospital specialization level. No significant relations between thrombolytic therapy rates and education were found for university hospitals (which had the highest treatment rates and the highest proportion of university-educated patients) or community hospitals (which had the lowest reperfusion rates and education levels). Statistically significant differences were only found for large nonuniversity hospitals (which had intermediate treatment rates and education levels).
Education level can be used as a proxy for SES. Two studies in the United Kingdom that used area-based SES measures did not find any association to thrombolysis administration. 18, 20 Arrich et al 19 found no association between education level and thrombolysis provision among patients admitted in Austria between 1998 and 2003. SES differences in thrombolysis administration have, though, been found in studies from Canada and the United States, both of which used median area income as a proxy for SES. 16, 17 The results of these studies must be viewed in relation to the health insurance systems in the countries where the studies were conducted.
Prehospital delay has been suggested to be an important obstacle to thrombolysis administration 25 and is commonly seen as a patient-related factor. 26 Education level might influence prehospital delay. Prehospital delay can be divided into decision delay (time from noticing stroke symptoms to calling for help), which involves stroke awareness and help-seeking behavior in patients, bystanders, and family members, 12 ,27,28 and transport delay (time from calling for help to arrival at the hospital), which is mainly dependent on the emergency medical system's organizational qualities and priority settings 29 and distance to the hospital. A review 30 of 182 studies suggested that help-seeking behavior is more dependent on the perceived severity of symptoms than on actual knowledge of symptoms. Surprisingly, education and sociodemographic variables were not related to time delays. The most common reasons for delay were not recognizing symptoms as a stroke, not realizing the urgency of the symptoms, and waiting to see whether the symptoms resolve spontaneously.
In our study, higher education was associated with a higher specialization level in the hospital, reflecting what can be called a socioeconomic segmentation; larger cities (in which more specialized hospitals usually reside) tend to attract individuals with higher education. Thrombolysis was approved as treatment for ischemic stroke in 2003, but some university hospitals participated in clinical thrombolysis studies before the approval. This might have helped pioneer the early implementation of thrombolysis in such hospitals. 3 According to diffusion theories, the ability to test an innovation on a small scale is beneficial for implementation. 31 In stratification by hospital type, only large nonuniversity hospitals had treatment disparities. Such hospitals had the most rapid increase in thrombolysis treatment rates from 2003 to 2008, 3 and in later years, the rates approached those of university hospitals. A 2-to 3-year implementation delay in thrombolysis for community hospitals compared with university hospitals has been described, 3 and a recent review suggests that community hospitals' thrombolysis rates might benefit most by improving prehospital factors. 32 Analyses of other stroke care quality indicators in Sweden have shown SES disparities in long-term survival and, although decreasing with time, access to stroke unit care. 14, 15 A strength of this study is its national perspective. Coverage of the Riksstroke register is high, and this reduces the risk of bias. 22, 33 Linkage between Riksstroke data and public statistics is made possible by the national system of personal identity numbers. Reaction Level Scale data (describing the level of consciousness on arrival at the hospital) were used as a proxy for stroke severity at onset and have good external validity as a strong predictor of short-term survival and functional outcome. 34, 35 Another strength is the use of individual-based SES data. Many similar studies used area-based measures of SES, which can be good when individual SES data are unavailable 36 and can account for environmental aspects such as distance to hospitals. However, individual-level SES data can account for age-related variations in SES of persons living in an area and are more useful in mixed SES areas. 37 Income and former occupation are considered to be unreliable measures of SES in older individuals, 5 such as those in this study, so we used education level as a proxy for SES. Education can be reliably recalled and easily quantified and is unaffected by marital status, parenthood, or retirement. 5 The latest evaluation of Longitudinal Integration Database for Health Insurance and Labour Market Studies education data 38 showed that 86% of individuals born in Sweden and 70% of those born outside Sweden were correctly classified. Education level was unknown for <1% of those born in Sweden and for 7% of those born outside Sweden. Unknown education level was 5% among those aged <24 years and <1% in the other age groups. These low numbers of unknown education levels might relate to the low number of subjects with unknown education in the present study. A weakness in this study is the lack of data for delays, distances to hospitals, National Institutes of Health Stroke Scale, and every contraindication for reperfusion. Also, the age variable could not be categorized into perfectly even groups because it only was available as absolute terms.
This study implies that treatment disparities can be reduced through restructuring at the organizational level in stroke hospital care. This might enable a connection between low-SES individuals and high-quality stroke care.
Further studies should address pre-and in-hospital delay times, stroke knowledge, and methods to understand and improve the implementation of stroke reperfusion therapy in less specialized hospitals.
Summary
The observed social stratification in reperfusion treatment has complex origins but can partly be explained by patient characteristics and hospital specialization level. Differences in patient education in reperfusion treatment are most evident within large nonuniversity hospitals. 
